Five yam tuber varieties were investigated for microorganisms that cause yam tuber rot from five local government areas of Benue State, Nigeria, between the months of March 2014 to March 2015. Five fungi species: Aspergillus niger, Rhizopus stolonifera, Botryodiplodia theobromae, Fusarium oxysporum, Penicillium marnessei and four bacteria species: Serratia marcescens, Erwinia carotovora, Klebsiella oxytoca and Pseudomonas aeruginosa were consistently isolated. Pathogenicity test carried out confirmed these organisms as the pathological agent of the rot. Antimicrobial activity of five plant aqueous extracts: Terminalia catapa (common name fruit), Passiflora edulis (passion fruit), Daniella oliveri (Chiha-Tiv), Ceiba pentandra (Vambe-Tiv), Jatropha tanjorensis (Catholic plant) was carried out on the isolated microorganims and they showed varing degrees of inhibition, the aqueous extract from Passiflora edulis, Ceiba pentandra and Jatropha tanjorensis were able to inhibit all the fungi completely.
The reagents used for the work, Grams staining reagents (crystal violet, lugol's iodine, absolute alcohol, safranin); catalase reagent (hydrogen peroxide); Covacs reagents; oxidase reagent; Sodium hypochlorite, were purchased from BDH CHEMICALS ENGLAND; M&B, LABORATORY REAGENT, ENGLAND; Reckitt Benckiser, Nigeria respectively were used.
The plants, Terminalia catapa (fruit plant-leaves), Passiflora edulis (passion fruit-fruit peels), Daniella oliveri (Chiha-Tiv-leaves), Ceiba pentandra (Vambe-Tiv-leaves) and Jatropha tanjorensis (Catholic plantleaves) were collected at Tse-Abu Village, off km4 Gboko road, Makurdi and used for the antimicrobial sensitivity test.
Microbial Isolation

Sample Preparation
The method of [15] was used with some modifications. The yams were peeled to expose the rot tissues. Using a sharp knife and forcept, an estimated 5 mm pieces were cut and surface sterilised by placing in a 10% sodium hypochlorite solution for 2 minutes. The pieces were then removed,washed and rinsed by placing them in 3 changes of sterile distilled water for 3 minutes at each wash. They were placed on sterile Whatman No. 1 filter paper and put to dry in a laminar air flow cabinet for 5 minutes.
Media Preparation
Potatoe dextrose agar + chloramphenicol, Nutrient Agar and Macconkey Agar were prepared according to manufacturer directions; 40.0 g/L, 38.0 g/L and 58.0 g/L (weight of powdered media/volume of distilled water) respectively; the Nutreint broth, Simon citerate agar,and TSIA were prepared in in 1liter bulk according to manufacturers direction 18 .0 g/L, 24.0 g/L, 63.3 g/L respectively and boiled to dissolve ingredients completely, then dispensed 20.0 mL portions into test tubes, and all media were autoclaved at 121˚C and 15psi for 15minutes,in an autoclave (Gallenkamp-England); the media for the plate culture were allowed to cool to 45˚C and were aseptically poured into sterile petri dishes and allowed to set. The media were subjected to sterility testing by incubating them at 37˚C for 24 hours and observing for absence of microbial growth.The sterile media plates were then used for the innoculations [16] .
Inoculation
The method of [15] was used. The plates were labelled with the yam codes and three pieces of the prepared rot samples were aseptically lifted and seeded on the potatoe dextrose agar for fungi organisms and on nutrient agar plates for the bacteria organisms. The plates were incubated (Memmert-UE/ULE/SLE 500) at 37˚C and observed, for 24 -48 hours for bacteria and for up to seven days for fungi. The observed growths were subcultured for pure isolates on fresh culture plates and this step was repeated several times until pure cultures (single species of organism) were derived on the culture plate. However, several attempts to isolate a pure culture of the fungi identified to be Penicillium marnesei failed and as such other studies where the pure isolates were used did not include it.
Identification
The method of [16] was used for the various tests and examinations. The bacteria isolated were subjected to Gram staining, sugar fermentation, catalase, oxidase, motility and capsule staining tests for identification.The Gram stained slides of the organisms were viewed under a binocular digital camera microscope (Olympus, model) at ×100 objective lens using immersion oil (clove-cedar wood oil). The grams reactions and the shape of the bacteria were recorded,also photo micrographs were snaped. Sugar fermentation test was carried out using Triple sugar iron agar (TSIA). Bergey's manual of systematic bacteriology [22] was used for their identification.
The fungi isolates were mounted, few strands in Lactophenol cotton blue on a microscope slide and also viewed under a binocular digital camera microscope (Olympus)and photo micrographs were taken. Fungal identification guides [23] was employed for their identification.
Optimal Growth Temperature
The method of [16] was used. The various isolates were each innoculated and incubated at temperatures ranging from 28˚C to 42˚C and their growth and radial growth diameter were observed and measured.
Pathogenicity Test
The method of [15] was used with some modifications. The healthy yam tubers were washed with clean tap water for 10 minutes and surface disinfected with 10% (v/v) sodium hypochlorite solution for 2 minutes. They were rinsed by placing in three changes of sterile water for 3 minutes at each instance and dried on sterile plain sheets for 20 minutes in a laminar air flow cabinet. The tuber lengths were measured and divided into five segments for the fungi and four segments for the bacteria types.Other segments for all fungi; all bacteria; then all bacteria and all fungi were also measured on fresh tubers. A peel of the outer layer was made on each segement and using a sterile 7 mm cork borer, a hole 3 mm deep was made. A disc of 5 mm of the organisms on their growth media was removed with a sterile 5 mm cork borer and placed in each hole respectively. This was covered by replacing the tuber peel and sealing with masking tape. The tubers were placed in a safety chamber at room temperature for nine days. Then, tubers were tranversely cut in each inoculated segement and observations were made and recorded.
Plant Extract Preparation
The method of [24] was used with some modifications. The leavesof Terminalia catapa, Daniella oliveri, Ceiba pentandra, Jatropha tanjorensis and fruit peels of passiflora edulis were washed in clean water to remove surface dirt. They were put to dry indoor on clean plain sheets, placed on tiled laboratory work bench for two weeks. They were dried to constant weight in an oven at 40˚C and seperately pounded in a wooden mortar and blended using a warring blender to fine powder. A 1.0 g each of powdered plant material was separately placed in 100 ml volumetric flask and sterile distilled water added to the mark. It was thoroughly mixed and allowed to soak for 12 hours, then filtered using Whatman No. 1 filter paper and kept in the refrigerator for antimicrobial activity test.
Plant Extract Incorporation
The method of [25] was used. The plant extracts solution and its serial dilutions of 10 −1 and 10 −2 were prepared. The extract solutions were diluted to give a 10 −1 and 10 −2 solutions by adding 1.0 mL each of the plant extract stock solutions in 10.0 mL and 100 mL standard volumetric flask then making it up tomark with sterile distilled water respectively. A 1.0 mL of the undiluted stock and 1.0 mL each of the two dilutions of plant extracts were added into labelled sterile petri dishes respectively and molten nutrient Agar or potatoe dextrose agar held at 45˚C were poured onto it and mixed properly by rotating the plates on the flat surface, the plates were allowed to set for 30 minutesthen used for antimicrobial test.
Antimicrobial Sensitivity Test
The method of [25] was used with some modifications. The various isolates were each cultured on the plant extract incorporated media plates and incubated for 24 hours (bacteria) and for up to 7 days (fungi); control for each of the isolates were carried out by seeding on media plates poured on 1mL sterile distilled water, instead of the extract. The effect of the extracts on the microbial growth and survival was observed and recorded.
Results and Discussion
Results
Five fungi species, Aspergillus niger, Rhizopus stolonifera, Botryodiplodia theobromae, Fusarium oxysporum and Penicillium marnessei; and four bacterial species, Serratia marcescens, Erwinia carotovora, Klebsiella oxytoca and Pseudomonas aeruginosa, were isolated from the yam samples. Pure isolate of Penicillium marnessei was not obtained due to tight growth with Aspergillus niger and contamination by its spores, so further work was not done using it ( Table 1) .
Aspergillus niger recorded the highest incidence of occurence in all the sampled areas and yam varieties, followed by penicillium marnessei recording high occurance in the Amula and Gbongu varieties. The attack of the microorganisms on the various species of yams vary from one local government area to the other and in some cases they were completely absent. It thus appears that in the areas where they do appear, conditions are favourable for their growth. Serratia and Erwinia species showed zero occurance in the Amula varieties sampled in all the five Local government areas. Ogoja variety recorded high incidence of Serretia marcescens occurrence. Klebsiella and Pseudomonas species recorded mild to moderate incidence of occurence among the varieties ( Table 2) . Biochemical tests carried out identified and confirmed the bacteria isolates to be Serratia marcescens, Erwinia carotovora, Klebsiella oxytoca and Pseudomas aeruginosa ( Table 3) .
Optimal growth temperature was recorded at 38˚C for both the fungi and bacteria species. At 28˚C, the growth of the bacteria Pseudomonas aruginosa was very well supported, however, the fungi Aspergillus niger, Rhizopus stolonifera, Botryodiplodia theobromae, Fusarium oxysporum, andbacteria Serratia marcescens, Erwinia carotovora, and Klebsiella oxytoca, were only fairly supported at 32˚C to 38˚C, all isolates grew very well. The growth of Aspergillus niger and Botrydiplodia theobromae were highly retarded at temperatures above 40˚C while the growth of Rhizopus stolonifera and Fusarium oxysporum were only slightly retarded ( Table 4) .
Pathogenicity test using the isolates showed varying degrees of rot with different organisms. Yam varieties that did not show presence of certain isolates, however showed rot initiation on introduction of the microorganisms. The result shows that the organisms isolated were responsible for the rot ( Table 5) .
Antimicrobial sensitivity tests revealed antifungal and antibacterial activity of the plant extracts. Aspergillus niger showed mild activity to extracts of Terminalia catapaat undiluted (100%) concentration and no activity in the dilutions. Passiflora edulisrecorded good sensitivity at undiluted and 10 −1 concerntrations, mild sensitivity at 10 −2 concentration. Daniella oliveri recorded mild sensitivity at undiluted concentration and no activity with the dilutions. Ceiba pentandra showed no activity at undiluted concentration, but rather showed mild activity at 10 −1 and 10 −2 concentrations. Jatropha tanjorensis extract showed mild activity in all the concentrations, [undiluted concentration (100 %), 10 −1 and 10 −2 concentrations] ( Table 6) . Rhizopus stoloniferashowed moderate sensitivity to extract of Terminalia catapa at undiluted concentration, mild sensitivity at 10 −1 and 10 −2 concentrations. Passiflora edulis extract recorded high sensitivity at undiluted and 10 −1 concentrations, mild sensitivity at 10 −2 concentration. Daniella oliveri and Ceiba pentandra showed no activity in all the concentrations. Jatropha tanjorensis extracts showed good activity at undiluted concentration and mild activity at 10 −1 concentration,no activity at 10 −2 concentration ( Table 6 ). Botryodiplodia theobromaeshowed no sensitivity. Passiflora edulis extract showed good sensitivity in all the concentrations. Daniella oliveri extract showed mild activity at undiluted concentration only. Ceiba pentandra and Jatropha tanjorensis showed no activity in all the concentrations ( Table 6) .
Fusarium oxysporum showed mild sensitivty with Terminalia catapa extract in all the concentrations (undiluted concentration (100%), 10 ). Passiflora edulis extract showed good sensitivity at 100% concentration and moderate activity in 10 −1 and 10 −2 concentrations. Daniella oliveri extract recorded mild sensitivity at 100% and 10 −1 concentrations, moderate sensitivity at 10 −2 concentration. Ceiba pentandr are corded good sensitivity at undiluted and 10 −1 concentrations and mild sensitivity at 10 −2 concentration. Jatropha tanjorensis showed good sensitivity at undiluted concentration, moderate sensitivity at 10 −1 concentration and mild sensitivity at 10 −2 ( Table 6 ). Serratia marcescens showed resistance to extracts of Terminalia catapa and Passiflora edulis in all the concentrations. Daniella oliveri recorded mild sensitivity at undiluted concentration (100%) only. Ceiba pentandra extract showed moderate activity at undiluted concentration, mild activity at 10 −1 and no activity at 10 −2 concentrations. Jatropha tanjorensis recorded mild activity at 100% and no activity in the dilutions ( Table 6) .
Erwinia carotovora showed high sensitivity with extracts of Terminalia catapa in all the concentrations. Passiflora edulis recorded good sensitivity at 100% concentration, moderate sensitivity at 10 −1 concentration and mild sensitivity at 10 −2
. Daniella oliveri recorded no activity in all the concentrations. Ceiba pentandra recorded mild sensitivity in all the concentrations. Jatropha tanjorensis recorded good sensitivity at undiluted concentration, moderate sensitivity at 10 −1 and mild sensitivity at 10 −2 concentrations ( Table 6) . Klebsiella oxytoca showed mild sensitivity with extracts of Terminalia catapa, Passiflora edulis, and Daniella oliveri in all the concentrations. Ceiba pentandra recorded moderate sensitivity at undiluted concentration, Key: 100% = undiluted plant extract; +++++, ++++ = high sensitivity or activity; +++ = good sensitivity or activity; ++ = moderate sensitivity or activity; + = mild sensitivity or activity; − = no sensitivity or activity.
mild sensitivity at 10 −1 and 10 −2 concentrations. Jotropha tanjorensis recorded high sensitivity at 100% concentration, moderate sensitivity at 10 −1 concentration and mild sensitivity at 10 −2 concentration ( Table 6) . Pseudomonas aeruginosa showed good sensitivity with extract of Terminalia catapa at undiluted concentration, moderate sensitivity at 10 −1 concentration and mild sensitivity at 10 −2 concentration. Passiflora edulis recorded mild sensitivity in all the concentrations. Daniella oliveri recorded moderate sensitivity at undiluted and 10 −1 concentrations and mild sensitivity at 10 −2 concentration. Ceiba pentandra recorded good sensitivity at undiluted and 10 −1 concentrations, moderate sensitivity at 10 −2 concentration. Jatropha tanjorensis showed high sensitivity in all the concentrations ( Table 6 ).
Discussion
This study reveals the types of fungi and bacteria species associated with the white yam tuber rot in some parts of Benue State, Nigeria.
The microorganisms isolated were five fungal species, Wet rot was recorded with the bacteria Erwinia carotovora and in the associative growth of all bacteria; all bacteria and all fungi. Also, associative growth of all fungi and all bacteria recorded only soft rot. The findings are in agreement with earlier reports by [12] . The fungi Aspergillus niger and the bacteria Pseudomonas isolated are known to be human pathogenic or opportunistic human pathogenic organisms. The bacteria Klebsiella oxytoca isolated is reported to be pathogenic in plants only though other species of Klebsiella are known to be of human pathogens. However yams are well sterilized by cooking before eating so the danger is evaded [28] .
Optimal growth temperature studies showed that both fungi and bacteria have 38˚C as optimum growth temperature. The temperature of 28˚C was not too favourable for all microorganisms. This calls for cold storage studies investigation for the yam tubers [4] .
Result of the Pathogenic test revealed that the organisms isolated were responsible for the yam rot and it ranged from dry hard rot, soft rot and watery rot. Also collectively as all fungi, all bacteria or all fungi and all bacteria combined produce higher degree of rot than when the organisms were introduced individually. Microorganisms that were not isolated in yam from some local government areas were observed to cause rot when inoculated. This shows that the environment under which the yams were harvested in those local government areas was not conducive for certain microbial growth.
The result of antimicrobial test conducted on the isolated organisms on culture media plates using plant extracts reveal that all the plants used had both antifungal and antibacterial effects and were able to inhibit the growth of at least two or more fungi (Passiflora edulis extract inhibited all) or bacteria (Terminalia catapa, Ceiba pentandra and Jatropha tanjorensis were able to inhibit three bacteria) isolated respectively. The organism Serratia marcescens was resistant to the extracts, showing only mild sensitivity with Daniella oliveri, Ceiba pentandra, Jatropha tanjorensis extracts at undiluted concentrations only. This finding is in agreement with earlier report by [29] [30] .
The plant kingdom still holds many species of plants of medicinal values which are yet to be discovered [31] . This study calls for more research on the screening of more plants for their antimicrobial activity against yam tuber rot organisms, to come up with possible means of utilising them for better yam tuber storage for longer shelf life, economic enhancement and all year round availability.
There is need for more work on the antimicrobial activity of plants in consultation with the natives who have been using these for treatment of infections of plants and humans. In this research we declined to use methanol or ethanol for the extraction of antimicrobials from plants but followed the aqueous extraction used by the natives, even though methanol and ethanol extract more antimicrobial from plants than water [32] . Indeed it is observed that aqueous extract from Passiflora edulis, Ceiba pentandra and Jatropha tanjorensis were able to inhibit all the fungi completely.
Conclusion
Microoganisms: Aspergillus niger, Rhizopus stolonifera, Botryodiplodia theobromae, Fusarium oxysporium, Penicillium marnessei, Serratia marcescens, Erwinia carotovora, Klebsiella oxytoca and Pseudomonas aeruginosa isolated from rotten yam tubers from the study areas were inhibited fully or partially by the plants cold aqueous extracts under study. Further research on this project can provide solutions to post harvest losses which are in easy reach to farmers and their competence. There is need to study the organic compounds produced during yam rot to ascertain whether they are infectious to human beings or otherwise. We need to know how extracellular enzymes of these organisms break down carbohydrate polymers of the tubers.
